Pohr w'Hr AnuruJh' (Wr/wjow/y, ^IX'U. Vol.21.pp. 151 166 
Reprints available dicccily frntntJie publisher 
Photocopying pci initial by liceasc only 


C 2009 OPA fOvcrstsu PublhriKT? AsNOCEaiicm N.V. 

Published by license under 
‘he Gordon svini Breach Science 
PviUishcir, iin^int. 
Priciicxi in Malaria. 


TOBACCO »0&E HEMOGLOBIN ADDUCTS IN MATERNAL 
AND FETAL BLOOD 

STEVEN R. MYERS. JOSEPH A. SPINNATQ, MARIA T. 
PINORINI- GODLY 

Department of Pharmacology and Toxicology, University of 
Louisville School of Medicine, Louisville, KY 


ABSTRAC T The maternal-fetal exchange of the potent tobacco 
related human carcinogen, 4-aminobiph©nyl, was studied in 
women smokers during pregnancy. Maternal and fatal blood 
samples were classified as coming from nonsmokers (n=74), 
individuals smoking less than 1 pack of dgarattes p©r day 
{n=16), individuals smoking 1 pack of cigarettes per day (n=19), 
t individuate smoking 1-2 packs of cigarettes per day (n~19), and 

individuals smoking greater than 2 packs of cigarettes per day 
(n=20). 4-Aminobiphenyl was extracted from both maternal and 
feta! blood samples using organic extractions and the released 
amine was qmlitafeveSy and quantitatively characterized by 
analysis of the samples by gas chromatographic and mass 
spectrometric analysis. Increasing levels of 4-aminobiphenyi - 
hemoglobin adducts were ound as the smoking status of the 
women increased ranging from 144 ± 22.2 (<1 pack per day) to 
633 ± 87.9 (>2 packs per day). A corresponding increase in the 
presence of fetal 4-aminobiphenyl hemoglobin adducts was 
also detected (74.3 ± 17.8; <1 pack/day to 319 ± 50.5; >2 
packs/day). 

Keyw ords Hemoglobin, Tobacco smoke, Biomarkgrs. Maternal, 
Feta! 

INTRODUCTION 

Tobacco smoke is one of the most prevalent sources of 
in utsm exposure to toxic substances. Evidence from clinical 
and laboratory studies suggests that exposure of the fetus to 
tobacco smoke carcinogens is highty probable, and that 
potential for tobacco smoke-induced human transplacental 
cancers exists and merits serious attention [1], Recent studies 
have demonstrated that tobacco smoke toxins readily cross the 
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placenta! membrane [2,3,4]. Additional studies have shown that 
tobacco smoke induces placental and fetal enzyme systems 
capable of bioactsvation of procarcinogens to carcinogenic and 
mutagenic derivatives (5,8]. Maternal smoking has also been 
shown to be associated with DNA damage in the placenta [7] 
and exposure to tobacco smoke in utero may result in an 
increase risk of development of childhood and adult cancers 
[8,9,10]. In laboratory studies, tobacco smoke related 
carcinogens such as benzo(a)pyrene and the tobacco-specific 
nitrosamines readily cross the placental membrane and form 
adducts with placental DNA [11,12], In addition, transplacental 
carcinogenesis occurs in laboratory animate exposed to 
cigarette smoke condensate. diethylnitrosamine, 3- 
methyicholanthrene, tobacco specific nitrosamines, and 
b@nzo(a)pyren@ [13,14,15], 

Advances in the quantitative analysis of covalent adducts 
have made it possible to study the association between 
tobacco smoke exposure and carcinogen induced DNA damage 
in fetal tissues. Everson st el., using the M P postiabaling assay, 
has recently detected numerous DMA adducts in human 
placental tissue obtained from smokers [7,18]. Shamsuddin and 
Gan [17] have shown that bsn 2 o(a)pyrene forms adducts in 
placental tissue. These adducts have been characterized as 
benzofajpyrene 7,9diol-9,10-epoxiae (BPDE)-DNA adducts in 
human placenta by using anti-BPDE DNA antibody and light 
microscope immunochemistry. Manchester, ef al. [5] recently 
measured BPDE-DNA adducts in human placenta using 32 P- 
posilabeling and immunoaffinity chromatography. 

The formation of hemoglobin adducts with various 
environmental compounds has recently been proposed as a 
potential biomarker of exposure to carcinogenic compounds 
[18,19,20]. Furthermore, hemoglobin adducts appear to be 
surrogate biomarkers of genotoxic damage [20,21]. The 
formation of adducts with various electrophilic compounds such 
as ethylene oxide and benzo(a)pyrene indicate that hemoglobin 
may sen/e as a potential biomarker of exposure to these as well 
as additional tobacco smoke carcinogens [18,20,21,22,23]. 

Numerous aromatic amines, including 4-aminobiphenyi, have 
been detected in tobacco smoke [24], Since some of these 
amines are potent human bladder carcinogens, such as 4- 
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aminobiphsnyl and 2-naphthyiamins, it is a reasonable 
hypothesis that increased exposure to these amines is a factor 
in the observed increase in the incidence of bladder cancer 
among cigarette smokers. 

In this study we investigated the relationship between 
maternal smoking and 4-arranobiphenyl hemoglobin adduct 
levels in both maternal and fetal blood. 4-Amtnoi)iphenyl, a 
tobacco related aromatic amine, is known to be a potent 
bladder carcinogen present in mainstream and sidestream 
smoka [24], 4-Aminobiphanyl hemoglobin adducts may be 
useful as a biomarker of genotoxic damage in the fetus. The 
presence of significantly elevated levels of a potent tobacco- 
smoke carcinogen in the hemoglobin of maternal and feta! 
blood samples demonstrates the Importance of studying the 
maternal - fetal exchange of carcinogens during pregnancy. In 
addition, tha present study confirms, with a larger sample size, 
the previous series of investigations by Coghlin, ef a!. [22], in 
which hemoglobin adducts with 4-aminobiphenyl in women 
smokers were analyzed. 

MATERIALS AMO METHODS 

Chamte a te and Reagenfe 

4-Aminobiphenyl and 4' F-aminobipheny! were purchased 
respectively from Fluka Chemika-Biachemika, Ronkonkoma, 
New York, and Sigma-Aldrich Chernies! Co., Milwaukee, Wt. All 
aqueous solutions were prepared with distilled deionized water, 
Trimethylamine in hexane was prepared by adding 1 g 
trimethylamine hydrochloride (Fluka Chem.-Biochem.) to 2 ml 
water, neutralizing the solution with NaOH and extracting with 
10 ml hexane. The internal standard, 4'-F-aminobiphenyi was 
recrystallized from dichloromethane/hexane and used to 
prepare a stock solution of 25 ng/ml in 0.1 N HCI which was 
stored at 4°C, PertMuoropropionic anhydride (PFPA) was 
purchased from Fluka. Ail the chemicals and reagents were of 
the highest grade commercially available. 

Stood samples were obtained from Norton's Hospital and the 
University of Louisville Hospital. Women participating in the 
study were assessed as to their recent smoking habits via 
questionnaire and _ assessment by immunoassay (Abbott 
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laboratories, Abbott Park, 1L) of urine and serum cotinine 
levels. Maternal blood samples (10 ml) were collected into 
heparinized vacutainere from smoking and nonsmoking mothers 
during admission for labor and delivery. Fetal blood samples (S 
ml) were collected (tom the umbilical vein into heparinized tubes 
immediately after delivery. Individuals were classified as to their 
smoking status and were divided into 5 groups. Nonsmokers 
(n=74), less than 1 pack per day smokers (n=16), 1 pack per 
day smokers (rt^lS), 1-2 pack per day smokers (n—19}, and 
greater than 2 packs par day smokers (n=20) were included in 
the study. Paired maternal and fetal blood samples were 
obtained from ail individuals in the study. 

Analysts of ggrggfes 

Hemoglobin - 4-aminobiphenyl adducts were processed using 
the method of Bryant et. at. [IS] with modifications. Maternal 
and fetal blood samples were centrifuged at 3,000 x g to 
generate packed rad blood cells. After removal of serum, the 
red cells were washed 3 times with 0.9% saline and lysed by 
the addition of 15 ml ice cold deionized water and 2 ml toluene 
with vigorous shaking. After 15 minutes, the lysate was 
removed by centrifugation at 10,000 x g for 20 minutes to 
remove cellular debris. The hemoglobin solution was transferred 
to dialysis tubing and dialyzed for 24 hours at 4°C against 2 
changes of distilled, deionized water (2 liter). Hemoglobin 
concentrations were determined by measurement of the 
absorbance at 415 nm (oxyhemoglobin, extinction coefficient 
125 mM'l), Samples were divided into aliquots (3-5 ml each) to 
allow for reproducibility of analysis and stored at -20°C until 
analysis by gas chromatography and mass spectrometry. 
Extraction of 4-atw8noblphpnvl hemOglobin atjducfs in 
maternal and feta! blood 

Prior to extraction of the hemoglobin samples for gas 
chromatographic i mass spsdrometric analysis of 4- 
aminobiphenyi, the hemoglobin samples (3 mis) were spiked by 
the addition of 400 pg of the internal standard 4'-F- 
aminobiphenyl. After spiking the hemoglobin sample, the 
hemoglobin solution was made 0.1 M in NaOR and incubated 
for 2 hours at room temperature. The hydrolysate was extracted 
twice with 15 mis of methylene chloride and the resulting 
emulsion broken by freezing and thawing the sample. The 
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extracts ware treated with 10 pi trimelhylamine in hexane and 
derivatized by the addition of 5 pi pentafiuoropropionic 
anhydride (PFPA) and the resulting derivatized products 
evaporated under nitrogen. The residue was dissolved in 20 pi 
hexane, and 3 pi injected into the GC/iViS for analysis. 

Gas chromatographic and maga aoectrorrcantgfc analysis 
Gas chromatographic and mass spectral analysis of the 
hemoglobin samples was carried out on a Hewlett-Packard 
5€90 Series H gas chromatograph (GC) connected to a 5971A 
mass selective detector. The GG oven was fitted with a D8-Wax 
20 m capillary column (0.18 mm internal diameter, 0.3 pm film 
thickness) operating under the following parameters. 10Q°C 
initial temperature for 1 minute, ramp rate 20°C/min up to 
240*0, held for 15 minutes (total analysis time - 23 minutes), 
injector 20QX, detector (MS) 18G°C; inlet pressure of the 
carrier gas (helium) 3.G psig. Single ion monitoring was 
accomplished by detecting the 4-aminobiphenyl-PFP (m/z 315) 
and 4'-F-amincbiphenyl-PFP (rrt/z = 333) derivatives. Data 
analysis was performed on a Hewlett-Packard Vectra QS/20 
computer using the HP Chemstatson software, version G1Q34C. 
Integrated peak areas of 4-aminobtphenyl and derivatives were 
used to calculate concentrations of 4-aminobiphenyl in the 
hemoglobin samples. 

RESULTS 

Seventy-four nonsmokers and seventy-four smokers 
were enrolled in the study. Maternal - fetal paired blood 
samples were obtained from ail individuals enrolled in the study. 
4-Aminobiphenyl hemoglobin adducts were detected in ail 
maternal and fetal blood samples. Smokers were subdivided 
into 4 groups consisting of less than 1 pack/day smokers 
(n=16), 1 pack/day smokers (n=18), 1-2 packs per day smokers 
(n=18), and greater than 2 packs per day smokers (n=20). 

The concentration of 4-aminobiphenyl - hemoglobin adducts 
in maternal blood samples was found to b® significantly higher 
in smokers (mean, 367 & 193) when compared to ncnsmokers 
(mean, 18.3 ± 12.7). Additionally, the adduct level detected in 
cord blood samples of fetuses from smoking mothers (mean, 
184 ± 99.7) was also significantly higher than the concentration 
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of adduct detested in Hi© cord bleed from nonsmekers (mean, 
6.88 t 5.80). A comparison of the adduct ratios between 
maternal and fetal 4-am'mobiphenyt hemoglobin adducts in 
smokers and nonsmokers is shown in figure 1. In paired 
samples from nonsmokers, the ratio of maternal to fetal adduct 
was found to be 2.19 ± 0.77. In our smoker population, this ratio 
between maternal adduct level and fetal adduct level was found 
to be 2.03 ± 0.32. This ratio between maternal and fetal adducts 
in smokers and nonsmokers corresponds with ratios reported by 
Coghlin, etal. (22]. 
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The analysis of maternal 4-ami nobiphenyl hemoglobin 
adducts is shown in figure 2. Nonsmokers had a background 
level of adduct of 18.3 ± 12.7 pg 4-aminobiphenyl / g 
hemoglobin. As smoking status of the women increased, a 
corresponding increase in the detection of 4-sminobiphenyl 
hemoglobin adduct (from 144 ± 22.2 to 633 ± 87.9 pg 4- 
amiooolphenyl / g hemoglobin) was detected (Figure 2). This 
increasing level of adduct corresponds to increased exposure of 
4-aminobiphenyf through tobacco smoke exposure. Similarly, 4- 
aminobiphenyl hemoglobin adduct in fetal blood was 
determined as described. A similar, but reduced level of adduct 
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was determined in fetal blood from nonsmoking mothers (Figure 
3). Fetal cord blood obtained from nonsmokere had a mean 
adduct level of 3.88 t 5.8 pg 4-aminobiphenyi t S hemoglobin. 
This level was found to increase from 74.3 ± 17.8 pg 4 
aminobiphenyl / g hemoglobin to 319 ± 50.5 pg 4- 
aminobiphenyl / g hemoglobin as the smoking status of the 
mothers increased from less than one pack of cigarettes per 
day to greater than 2 packs of cigarettes per day, A comparison 
of the levels of 4-aminobipbenyl adduct detected in maternal 
and fetal blood samples is shown in table 1. 
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In order to characterize the overall relationship between 
maternal exposure to ths carcinogen 4-amincbiphenyl and fetal 
exposure, we carried out linear regressions on the data from 
our populations using maternal 4-amtnobsphenyl hemoglobin 
adduct as the independent variable and fetal adduct levels as 
the dependent variable, When all of the samples were pooled 
for analysis (Figure 4), a significant correlation between 
maternal and fetal exposures to 4-aminobiphenyl was detected 
in our sample population (r 3 = 0,97, p<0.00t) In order to 
determine to what extent th© correlation is influenced by 
smoking status of the individuals, as well as nonsmokers, 
separate regression analyses were carried out with each group 
of smokers. The results for the less than 1 pack per day 
smokers (Figure 5) yielded a correlation of r 3 - 0,335, t pack/ 
day a correlation of r 3 = 0.488 (Figure 6), 1-2 packs /day a 
correlation of r 3 = 0.585 (Figure 7), and greater than 2 
packs/day, a correlation between maternal 4-aminobiph®nyt 
hemoglobin adducts and fetal adducts of r 3 * 0.406 (Figure 8). 
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Discussion 

This study demonstrates that th® potent tobacco related 
carcinogen, 4-amjnobipbefiyi, or its active metabolite, N- 
hydroxy-4-aminobiphenyl, crosses the human placenta and 
binds to fetal hemoglobin. Ail fetal blood samples tested 
revealed detectable amounts of 4-sminobipbeny! hemoglobin 
adducts. Carcinogen hemoglobin adduct levels in the fetuses of 
smoking mothers ware significantly higher than in the levels 
measured in the fetuses of non-smoking mothers. The data 
presented represents an extension of the work of Coghlin, st a!. 
[22], in that a larger sample population was used and a further 
classification of smoker status was obtained. A consistent 
observation was the apparent 1.5 - 2.2 fold reduction in the 
formation of fetal hemoglobin aminobipheny! adducts when 
compared to matched maternal samples. 
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The approximate 2 t'ofd difference in maternal and fetal 
levels of adduct observed in our study is consistent with animal 
studies of 4-aminobiphenyl hemoglobin transplacental transport. 
Lu et al. [11] found detectable levels of 4-aminobiphenyl DMA 
adducts in all fetal tissues following maternal dosing in 
laboratory rats and fetal levels were generally lower than 
maternal levels. Possible explanations for the tower fetal levels 
observed in our study include jlj an immaturity of fetal enzyme 
activating systems, (2) placental trapping of active metabolites, 
(3) carcinogen inactivation catalyzed by tobacco smoke induced 
placental enzymes, and 44) increase rate of degradation of 4- 
aminobiphertyl-fetal hemoglobin adducts. Studies have shown 
that fetal red blood cells turns over at a significantly fester rate 
(lifetime = 65 days) compared to maternal hemoglobin (lifetime 
120 days). Therefore, if exposure to tobacco smoke decreased 
during fee third trimester, relative lower levels of carcinogen 
hemoglobin adducts may be present in fee fetal blood samples 
obtained at delivery. 

The significantly elevated levels of 4-aminobiphenyl 
hemoglobin adducts in cord Wood samples from smokers raises 
concerns regarding the potential for transplacental 
carcinogenesis. Although fetal levels in our study are 
consistently lower than maternal levels, studies of 
transplacental carcinogenesis in laboratory animals have shown 
that lower levels of carcinogens may initiate carcinogenesis 
whan exposure occurs in utero. Administration of 60 mg 
ethylnitrosourea per kilogram body weight to pregnant rats 
initiates 50 times as many tumors in offspring as dos® fee same 
doss in sdults [2S). In addition, fee observation feat enzyme 
systems are generally activated earlier in human fetuses than in 
laboratory animals supports the possibility that activated 
tobacco smoke carcinogens may be present in fetal tissues 
during cell proliferation and differentiation [28]. Various 
btomarkers of gsnotoxic damage have been proposed and 
carcinogen hemoglobin adducts have boon shown to fee 
accurate dosimeters of DMA adduct formation in adult humans 
and laboratory animals (27,28,29). In the human fetus, however, 
DMA repair enzyme activity is twofold to fivefold lower than in 
the adult {30). It is possible that DMA repair activity in the fetus 
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occurs st a slower rate and that DMA damage in the fete is 
even greater than indicated by carcinogen hemoglobin adducts. 

Several epidemiological studies have been conducted to look 
for a relationship between childhood and adult cancers and in 
ut&m exposure to tobacco smoke carcfoogens. Sfjemfeklt [8] 
reported a dose response relationship between number of 
cigarettes smoked per day during pregnancy and cancer risk in 
offspring. The risk is doubled for non-Hodgkin's lymphoma, 
acute lymphoblastic leukemia, and W&n's tumor. In a large 
prospective study, Neutal and Suck [9] found a nearly doubted 
incidence of leukemia in the offspring of mothers who smoked 
during pregnancy. Sandler [10] reported an increased adult risk 
for hematopoietic malignancies related to gestations! exposure 
to tobacco smoke. Significantly increased relative risk was 
found for Hodgkin’s disease, non-Hodgkin’s lymphoma, and 
acute leukemia. In a recent study, Janerieh, sf si. [31] reported 
that 17% of lung cancer among nansmokers can be attributable 
to high levels of exposure to tobacco smoke during childhood 
and adolescence. In addition, in utero exposure may occur 
during a time of potentially increased vulnerability secondary to 
the rapid cell propiifaration and differentiation in the developing 
fetus. In support of this hypothesis, Kauffman [32] demonstrated 
a dose correlation bstween the number of proliferating epithelial 
cells and the number of tumors induced transplacentally by 
ethylnitrosaursa at different gestational ages. 

Butter et al. [33] found a 44-fold variation in rates of 4- 
aminobiphenyl M-oxidation in 22 liver microsoma preparations, 
and Cartwright, sf al. [34] demonstrated a greater than 1 0 fold 
person to person variation in the activity of several enzymes 
involved with benzc[a)pyrene metabolism. These findings may 
help explain the various individual levels of hemoglobin 4- 
aminobipheriyl adduct found in maternal and fatal blood. Vineis 
et al. [35] observed that levels of 4-aminebtphenyf hemoglobin 
adducts were higher in research subjects with genetically 
determined slow acetylation rates. In related studies, 
Manchester and Jacoby [36] observed substantial overtap and 
variability of placental monooxygenase activity in research 
subjects within the same smoke exposure groups. 

In our study, and in the work of Coghlin q! at. [22], 4- 
aminobiphenyl hemoglobin adducts were detected in maternal 
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and fetal blood samples obtained from sms-king mothers and 
non-smoking mothers during pragnacy. The presence of a 
detectable adduct levs) in nonsmokers suggests that there may 
be sources of human exposure to 4-asrsinobiphenyl other than 
cigarette smoking. Since our rsonsmoker population group was 
found not to be exposed to passive smoke, we must assume 
that a dietary or ambient concentration of 4-aminobiphenyl is 
accounting for this 3mal! level of adduct in the blood of these 
individuals. Dietary contamination, such as the cooking of 
meats, which produces a number of heterocyclic amines, may 
contribute to the levels of 4-aminobiphenyi found in our 
population groups. 

4-Aminobiphsnyl hemoglobin adducts are believed to be 
formed in vivo through a series of reactions illustrated in Figure 
9 occurring in either the liver or blood. The hydroxylamine, 
formed in the liver in a cytochrome P-450 mediated oxidation 
reaction, undergoes a subsequent cooxidation with 
oxyhemoglobin to yield N-niirosobiphenyl and methesnegiobin. 
The resulting nitrosoarene can either be converted back to the 
hydroxySamine or can react with suitable nucleophilic targets, 
such as cysteine, in hemoglobin terming covalent adducts. In 
summary, this study confirms transplacental passage of a 
potent tobacco related human carcinogen, 4-aminobiphsnyi. 
The presence ©f significantly elevated levels of 4-aminobiphsnyS 
hemoglobin adducts in the blood of fetuses from smoking 
mothers suggests that maternal smoking during pregnancy 
may increase carcinogen induced DMA damage in fetal tissues 
and may, therefor®, be associated with increased risk of 
developing childhood and adult cancers. Future studies will 
investigate the formation of maternal - fetal hemoglobin adducts 
with various tobacco smoks carcinogens as well as other 
environmental carcinogens, 

REFERENCES 

1. R. B. Everson, Lancet 1:123-127. (1S8G). 

2. M. kfcehizuki, T. ttfauo, and K Masuko, Am. J. Obstet. 

Gynecol. 14%;413-42Q. (1984). 

3. N„ Smith, J. Austen. GJ. Roites, Lancet 1:1252-1253. 

(1982). 


i 


i 


TOBACCO sri 


7. 


8. 


10 

11 

12 

13 

14 

15 

IS 

17, 

18. 


19. 


20 . 


21 . 


H. Van Vunakis 
Qbsftst- Gvna c 
D.K. handle 
C aremoaenasis 1 
XB Vaught, 
39:3177-3183 i 
R.B. Everson, 
Res. 86:567-57| 
M. StjemfekJS, 1 
1:1350-1352. (if 

C. l. Neutel, an<| 

(1971). 1 

D. P. Sandler, fa 
Public Health 7S| 

L. J.W, Lu, R.M| 
4£:3G4S-30:54,(1 
A. CastonguayJ 
Inst. 72:1117-11 
LG. Micolov, 4 
Din. Oncol. 94J 

E. , Correa, ?A 
50:3435-3438. j 
O.M. Butay, an 
Med. 135:84-88 

F. P. Persra, Mi 
A.K.M. Shamsi 
315 (1988). 

H. Bartseh, N.{ 
Malaveille, P„ 
and P. Vineis| 
(1980). 

M. S. Bryant, pf 
Madur®, Cane 1 
M.S. Bryant, 
Adducts as Dd 
Chemicals, Cllj 
10. (1991). 

L. Shugart and f 
228. (1985). 



PM3006730727 


Source: https://www.industrydocuments.ucsf.edu/docs/nyvj0001 






TOBACCO SMOKE HEMOGLOBIN ADDUCTS 


165 


smoking mothers and 

The presence of a 
sgests that there may 
nobiphenyj other than 
population group was 
*ke, we must assume 
of 4-amincbiphenyt is 
in the blood of these 
i as the cooking of 
jrocydic amines, may 
•henyl found in our 

are believed to be 
ns illustrated in Figure 
. The hydroxylamina, 
•0 mediated oxidation 
1 cooxidation with 
! and methemogtobin. 
converted back to the 
■- nucleophilic targets, 
ivalent adducts. In 
cental passage of a 
■@n, 4-amrnobiphenyi. 
v'8 of 4-aminobiphenyl 
attsses from smoking 
*rig during pregnancy 
amage in feta! tissues 
iii> increased risk of 
s. Future studies will 
5i hemoglobin adducts 
ns as well as other 


1980). 

asukcs, Am. J. Obstet. 
. Lancet 17)252-1253. 


4. H. Van Vunakis, JJ Langone, and A. Milunsky, Am. J. 
Ob stet. Gynecol. 120:64-66. (1888). 

5. D.K. Manchester, V.L Wilson, and I.C.Hsu, 
Carcinogenesis 7:2071-2075. (1986). 

6. J.B. Vaught, H.L. Gurtoo, and N.B Parker, Cancer Res. 
39:3177-3183. (1979). 

7. R.8. Everson, E. Randerath, and R.M. Santella. Cancer 
Res. 80:567-578. (1988). 

8. M. Stjemfeldt, K. Berglund, and J. Lirtdsten, Lancet 
1:1350-1352, (1980). 

9. C.l, Neuisl, artd C. Buck. J. Natl. Cancer Inst. 47:59-63 
(1971). 

10. D.P. Sandler, R.B. Everson, and A.J. Wilcox. Am. J. 
Public Health 75:487-492. (1985). 

11 L.J.W, Lu, R.M. Qisher, and M.V. Reddy, Cancer Res. 
48:3046-3054,(1986). 

12. A. Castonguay, H. Tjalve, and N. Trushin, J. Nab. Cancer 
Inst 72:1117-1126. (1984). 

13. I.G. Nicolov, and I.N. Cbemoxemsky, J. Cancer Res. 

Clin. Oncol. 94:249-258. f19791. ' ... 

14. E,, Correa, P,A, Joshi, and A. Casteguay, Cancer Res, 
50:3435-3438 (1060). 

15. O.M. Butay, and LW. Wattenbem . Proc. Soc. Exp. Biel 
Med. 136:84-86. (1970). 

16. F.P. Parera. Mutat Res. 20§:255-S89. f19881. 

17. A.K.M. Shamsuddin, and R. Gan, Hum. Pathol. 19:309- 
31$.{1988). 

18. H, Bartsch, N. Caporaso, M., Coda, F„ Ksdlubar. C„ 
Malaveilte, P., Skipper, G„ Talaska, S.R Tannenbaum, 
and P. Vinsis, d. Nad. Cancer Inst.. 82:1826-1830. 
(1990). 

IS. M.S. Bryant, P.L. Skipper, S.R. Tannenbaum, and M, 
Madures, Cancer. Res. 47:602-608. (1987). 

20. M.S. Bryant, and S. Osierman-Golkar, Hemoglobin 
Adducts as Dosimeters of Exposure to DMA-Reactive 
Chemicals, CUT Activities Report, Volume 11: Number 
10. (1991). 

21. L. Shugart and J. Kao, Environ. Health P en spect. @2:223- 
226.(1985). 




PM3006730728 


Source: https://www.industrydocuments.ucsf.edu/docs/nyvj0001 








































